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Abstract 
In world of industry, the deployment and execution of business processes can be a very costly investment. The 
problem is in extreme situations; companies need additional resources to ensure the smooth running of business 
process. Moreover, they need to know exactly when a business process needs more resources, to be able to use cloud 
resources. 
In this work, we have defined a formal model that supports the specification and analysis of company requirements 
in resources and allows simulating many parallel executions of business process. To detect situations that can be 
caused by the lack of resources in business process execution. 
© 2016 The Authors. Published by Elsevier B.V. 
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1. Introduction 
In the last years, Business Process Management (BPM) 14 has gained a lot of popularity among companies, since it 
allows managing and optimizing their business process. The business process can be considered as a set of activities, 
which are performed by humans or systems. 
In the world of industry, and due to the many resources that are required for business process managing, the 
deployment and execution of such processes can be a very costly investment. Furthermore, companies need to 
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purchase additional resources to ensure that each user's request can be executed in any situations (extreme situation). 
Then, problem is that all of these additional resources are used only for a very limited time lapse, and we cannot 
predict the exact number of customers that cause the problem of deadlock situation. Moreover, companies need to 
know exactly when the business process needs more resources to be able to avoid a deadlock situation by using 
cloud resources, which ensures the smooth running of business process.  
Cloud computing can play an important role in managing and constructing the business process. In fact, the basic 
idea of cloud computing is to give the possibility of using computing resources in a pay-per-use manner and it 
provides the illusion to perceive resources such as unlimited computer resources 8. These resources are invoked to 
respond to user requests and by paying only their real consumption. Moreover, cloud computing has a very 
important concept of elasticity that distinguishes it from the other ones 3; the elasticity is allocated and revoked 
resources dynamically and it can considerate such as a permanent reconfiguration of resources. 
Some formal methods in BPM would help companies to meet their goals of process managing and increasing their 
process quality. The real benefits are finding defects earlier and automating checking of some properties. There are 
many formal methods that can be applied to BPM, like: petri nets, workflow-based models, etc. In particular, the 
Petri net 9 can be applied to graphically model the system behaviour and describe relationships between the system 
conditions and events. So, we can consider a petri net as a good candidate to formalize the consumption resources of 
business process; by reconfiguring the resource consumption for the smooth running of business process in any 
situation. However, the problem is that, some resource information of business process services cannot be 
represented in petri net. 
The methods used in companies are rarely formally. So, in order to be incorporated into company practice; we have 
defined a new formal model that supports the specification and analysis according to company requirements. 
Furthermore, this model allows to simulate many parallel executions of business process. In order to detect early the 
deadlock situation that can be caused by the lack of resources in business process execution. Moreover, to avoid the 
deadlock situation, we need to decompose and migrate business process toward a cloud computing for using more 
resources.  
Until now, there are only few formal models for the decomposition of business process. But we are unaware of 
approaches involving a formal model based on resource consumption for business process decomposition.  
In overall terms, our perspective is to define a formal model to detect the deadlock situation by the simulation of 
many executions of business process simultaneously. In order to allow companies to reconfigure the resources that 
are allocated to business process. Furthermore, this formal model is based on an extension of petri net and workflow 
model.  
The contribution of this paper is to provide a new approach for the decomposition of business process services based 
on their resource consumption and using a formal method. Where the part of a business process that consumes more 
resources and causes the problem of deadlock will be hosted on the cloud computing and the other part of a business 
process will be hosted on the company.  
The rest of this paper is organized as follows: Section 2 introduces some basic main concepts necessary in this work. 
Section 3 presents the proposed model called Business Process Resources Net model that we have used in business 
process decomposition. Moreover, we present in this section some examples that illustrates and shows the 
applicability of this approach. Section 4 discusses the approach by detailing the contributions of this paper and 
overviews some related work. Finally, section 5 gives our final remarks by concluding this paper and presenting 
some future directions. 
2. Basic concept 
2.1.  Petri net and workflow-net 
Petri net is considered as a directed graph, it’s the combination of two kinds of nodes: the places and transition; 
places and transitions are connected by arcs. Arcs link places to transition or vice versa. The place corresponds to a 
system state variable that will be modeled and the transition is an action that will lead to evolution of system state 
variables. In additional, workflow-net (WF-net) is a specialization of Petri nets. WF-net is proposed in order to 
capture flow control description of the business process. Moreover, WF-net is considered such as modeling of all or 
part of a business process tasks. Formally, Petri net and WF-net are defined as follows: 
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Definition: Petri net is a directed bipartite graph defined by ( P , T , F , W , 0M  ) 
9 and WF-net is defined by ( P , 
T , F  , W , i  , o  ) 12 where: 
• 1 2{ , ,..., }mP p p p=  is a finite set of places; { }1 2, , , nT t t t= …   is a finite set of transitions;  ( ) ( )F PxT TxP⊆ ∪  is a finite set 
of arcs, who links places and transitions; : {1,2,3,..., }W F n→  is a weight function arcs; 0 : {0,1,2,3,..., }M P n→   is 
the initial marking, P T θ∩ =  and P T θ∪ ≠ . 
• In WF-net, ( )i   is input place ( )i θ• = , ( )o  is output place ( )o θ• = and each node n P T∈ ∪  is between ( ) ( )i and ο . 
3. BPRN: Business Process Resources Net Model 
In this paper, we focus on the description of our proposed model. First, we present the semantic definition of this 
model, and then we give the model characteristics and some examples to understand this model. 
This work consists of defining a new formal model called (BPRN model). This model allows the detection of 
different situation of deadlock that can be caused by the lack of resources. In order to allow companies to migrate 
their business process (BP) to the cloud computing for using more resources, to ensure the smooth running of BP. 
3.1. BPRN definition and semantics 
In this paper, we considered the BPRN model informally as an oriented graph with two nodes types called places 
and transitions. Places and transitions are connected through oriented arcs. In this model, there are two place types 
(initial and simple places) and two transition types (final and simple transitions).   
The formal definition of BPRN model is based on an extension of petri net and workflow model. The BPRN is 
defined as a tuple (P, T, F, W,, , , RC, ∆). All BPRN elements are summarized in Table 1. 
Table 1. Formal definition of BPRN 
 
The BPRN model allows to simulate many parallel execution of the same BP. Where each BP execution is 
represented by one token in the initial place (e.g. if we have five parallel execution of the same BP; so we have five 
tokens in the initial place). The execution of BPRN model will be recursively until it reached a situation of 
deadlock. The simulation of BPRN model has many execution phases ( )iph  for example, in the initial phase 1( )ph  
the BPRN has a single execution of BP. Moreover, this execution will be evolving in time.  
So, the BPRN starts with a single token in the initial place. After execution of BPRN, the final transition consumes 
all tokens and starts another execution phase of the same BP. Hence, in 2( )ph  the BPRN has two parallel 
executions of BP. Furthermore, this simulation continues until the BPRN arrives at the final phase ( )nph , which 
represents a deadlock situation. 
Mathematical 
notation 
Mathematical representation Definition 
P 
1 2 1 { , ,..., }/ ( )mP p p p p= =β . Represents a finite set of places (simple places) and (β) represents a special place 
called initial place. 
T { } ( ), , , / .1 2T t t t tn n ϕ= … =  Represents a finite set of transitions (simple transitions which represent set of BP services) and (φ) represents a special transition called final transition. 
F  ( ) ( )F PxT TxP⊆ ∪ .  Represents a finite set of arcs (simple arcs) that link places to transitions or vice versa. 
 / .F μϕ βμ∈ ⎯⎯→  This arc (special arc) connects the final transition (φ) to the initial place (β) . 
Moreover, it increments the token (∆) that have been consumed by (φ) and will 
produce this incremented number of tokens in (β). 
RC 
1 1
: /
{( , )...( , )}
( , ).
n n
i i i
RC T rc rc
RC rc C rc c
C C C− +
→ ×
=
=
    Represents a function that corresponds a transition with a set of consumable resource 
information of service. Such as, ( )irc   is resource type (like CPU or RAM… etc. 
resources) and ( )iC
−  represents minimum consumption of BP service and ( )iC+  
represents the total capacity of available resources. 
∆ / ( / ( )i i i ip p P pΔ∈ ∀ ∈ ⊇Δ   Represents number of tokens in places, these tokens represent the execution number of 
business process. 
W : {1,2,3,..., }/ : ( ).i iw F n F w→ ∀ = Δ   Represents a weight function of arcs 
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The only reason for this simulation is to detect the resource consumption limits of business process. In additional, in 
this model the simple transition represents a service of BP. Hence, the BPRN model represents BP with some 
resource information and each transition contains the information of the resource consumption of each BP service.  
3.2. BPRN characteristics 
The essential characteristic of this model are:  
(1) all nodes are represented by / ,( {( , )}) ( {( , )}i i i iN N P T N P T and N T P∈ ∪ = =
 
;(2) The BPRN begins with an initial node 
and it’s ending with an end node (); (3) The initial marking of BPRN is 0( )M , such as 0( )M has one token in 
initial place (; (4) The final transition ( consumes all tokens of BPRN and it will produce tokens in the initial 
place (; (5) The final marking of BPRN is ( )nM , such as all places in ( )nM are empty ( nM = 0); (6) The marking 
of BPRN is recursive such as ( ' 10 0M M= + ). (7) The BPRN is recursive nets: 
1 1
( ) ( ), ( ) ( )
n n
i i
i i
P P T Tβ ϕ
= =
= ∪ = ∪∑ ∑  and 1
1 1
[( , )] ( ) ( ) [( , )] [( , )]
n n
n
i i
F T N N Pβ ϕ ϕ β
= =
= ∪ ∪ ∪ ∪∑ ∑  ; this shows that the recursion of BP can be 
performed several times in parallel, until reaching a deadlock situation. In order to demonstrate the limit resource 
consumption of the BP; (8) The BPRN recursion is done when this BPRN is in a situation of deadlock (this situation 
means all BP services needs more resources).  
Example 1: As an example of the BPRN model, considers S1 and S2 shown in figure1 are services of a BP. As we 
can see in this figure, the BPRN is a recursive graph (this recursion is illustrated by the arc (μ)). Such as the final 
transition consume all tokens and it will produce other tokens in the initial place. Furthermore, this recursion is 
executed until reaching a deadlock situation. Moreover, in figure1, we can see all important elements of this BPRN 
model. 
 
Fig. 1. Business process recursion and elements 
Definition3.1 (Transition activation): The activation of a transition leads to marking change of BPRN. A transition 
(T) is sensitized in marking M iff all conditions of transition activation are checked else the transition cannot be 
activated:         
1 2 1 2 2 1
, ( ) ( , )
, ( , ) ( ) / ( ( * )) ( ( ) ) 0ni i i i i i
p P M P W p t
and
t T x x RC t x C C x and x MAX C+ − +=
⎧∀ ∈ ≥⎪⎪
⎨
⎪ ⎡ ⎤ ⎡ ⎤∀ ∈ ∃ ∈ = − Δ ≤ = ∑ −Δ ≥⎪ ⎣ ⎦ ⎣ ⎦⎩

Example 2: As an example of the transition activation, S1 shown in figure2 is a service from a set of BP services. 
As we can see in this figure, the service consumption is illustrated in S1. Such as S1 resource consumption is 
denoted S1(Rc, C) = (CPU, (3,7)) in the first case (c1). In this example the transition (T) is activated when all 
conditions of crossing transition are checked like in cases (c1, c2 and c3) else the (T) is not activated like in case 
(c4). 
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Fig. 2. Transition activation 
Definition3.2 (Marking accessibility): The marking is accessible if all available markings represent all states 
reachable from an initial state. The transition activation (T) produces a new marking '( )M , if ( )T  is accessible from 
marking ( )M .Therefore, the transition activation consists of removing ( , )iW p t tokens from the place iP T∈
 (Pre-
condition) and subtracting 
1( ) ( ( * ),( ( ) ))
n
i i i i i i iM t C C MAX C
+ − +
== − Δ ∑ −Δ from the transition ( )it  and generating  ( , )jW t p  
tokens in place iP T∈
  (Post-condition):         
'
'
1 2 1
, ( ) ( ) ( , ) ( , )
, ( ( , )) ( ( * ), ( ( ) ))ni i i i i i
p P M P M P W p t W t p
and
t T M T x x C C MAX C+ − +=
⎧∀ ∈ = − +
⎪
⎨
⎪∀ ∈ = − Δ ∑ − Δ⎩
 
Example 3: As an example of marking accessibility, we consider S1 and S2 shown in figure3 are services from a set 
of BP services. As we can see in this figure, each activation or crossing of transition require removing ( , )iW p t tokens 
from the place ( )iP T∈

and generating ( , )jW t p  tokens in place ( )iP T∈

 such as the new marking 
' ( ) ( ) ( , ) ( , )M P M P W p t W t p= − + . Moreover, we need to subtract 1( ) ( ( * ),( ( ) ))ni i i i i i iM t C C MAX C+ − +== − Δ ∑ −Δ  from the 
transition ( )iT . These conditions will be applied until the umpteenth of transition activation (until the values of 
resource consumption (Rc, C) are a negative). e.g. In the case of the marking ( )nM , the new marking 1( )nM + cannot 
be accessible, because the values of S1(Rc, c) = (-2, -1) and S2(Rc, c) = (-5, -1) are negative.  
 

Fig. 3. The marking accessibility 
The initial marking is defined as a tuple (BPRN0,RC0) such as (BPRN0) is an initial marking of a BPRN model and 
(RC0) is the initial state of each service resources.  
The states of BPRN can be connected to each other, this connection is represented by the accessible marking graph 
and is formally defined as follows.  
Definition3.3 (Marking graph): All markings are accessible from (M0), this marking is noted (A (R, M)), such as 
(R) is a (BPRN) and (M= RC0) is a tuple (M(p), M(t)). The accessible marking graph is noted GA (R, M), this graph 
is an oriented graph and it’s labelled by some information of resource consumption. all vertices of this graph are A 
(R, M) and there is an arc from vertex ( )M towards another vertex '( )M labelled by a transition (t) iff '( )tM M⎯⎯→  . 
The service that needs more resources is only detected when we will arrive to a marking ''( )M or we will arrive to 
deadlock state. So, the business process needs to be migrated or decomposed to the cloud computing for using more 
resources. 
We assume that (S) is transition sequence 1 2 3( , , ,..., )nt t t t denoted 
'( )SM M⎯⎯→  and (S) is the sequence of transition 
sequences 1 2 3( , , ,..., )nS S S S  denoted 
' 1 2' / ( , ,..., )1 0 1 1 2 1i
S S S SnM M M M M M M Mi i n n⎯⎯⎯→ ⎯⎯→ ⎯⎯⎯→ ⎯⎯⎯→+ − . 
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Example 4: As an example of the Marking graph, we assume that, the company of 4k video conversion has decided 
to use the BPRN model to detect when his BP needs more resources to migrate it in the cloud computing for storing 
videos and performing operations on them. Hence, we have three services in this BP, which are defined as follows: 
(Convert video 1( )S ; Store video id 2( )S ; Store personal info id 3( )S  ). To reduce the complexity of this example 
and BPRN modelling, we take into consideration only one type of resources (as CPU or RAM resources) in service 
consumption. In additional, we assume that service consumption does not exceed a very large consumption value to 
attain a deadlock situation in this BP.  
As an e.g. of resource consumption, we have 1( ( , ) ( ,(1,2))S Rc c CPU= ; 2( ( , ) ( , (1,3))S Rc c CPU= ; 3( ( , ) ( ,(1,1))S Rc c CPU= . Each 
service has a consumption capacity authorized by the company, which is represented by ( )iC−  and the total capacity 
of available resources to this service is represented by ( )iC+ . e.g., the service consumption of first service in CPU 
resources is represented by 
1( ( ,( , ) ( ,(1,2))i iS Rc C C CPU
− + = . 
 
Fig. 3. Example of accessible marking graph 
In this marking graph, we have four phases (M0, M1, M2, M3); in each phase, we can have a BP decomposition. The 
decomposition starts when one service of BP has a negative value of (RC, C). as an example in: 
Case 1: in the marking M1, the (S3) has a negative value [-1,1]. So the BP can be decomposed on two sub BP, which 
intercommunicate (hence, (S3) will be migrated to the cloud computing and (S1, S2) stay in the local system of the 
company). 
Case 2: in the marking M2, the (S1 and S3) have a negative value ([-1,0], [-2,0]). So the BP can be decomposed on 
two sub BP, which intercommunicate (hence, (S1 and S3) will be migrated to the cloud computing and (S2) stays in 
the local system of the company). 
Case 3: In the phase M3 of marking graph, all services have a negative value of resource consumption. That means 
in this BPRN at the phase M3, all services of BP need resources (deadlock situation). So, the BP can be transferred to 
the cloud for using more resources. 
This example demonstrates that BPRN can detects for each service of BP the real value of resources that need in 
business process execution. In order to migrate the business process from local system of enterprise to the cloud 
computing and in order to avoid a deadlock situation by using cloud resources. 
4. Discussion and related work 
In this paper, we have shown that the formal model of business process (BPRN) can give several advantages. The 
essential advantages of this formal model is to detect exactly when each business process service needs more 
resources. In order to migrate the business process from a local system (on the company premises) to the cloud 
computing. 
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In this work, we have developed a new model called Business Process Resources Net by: (1) Detecting early the 
situation of deadlock. (2) Detecting exactly the number of users that causing the deadlock situation and how many 
business processes can be executed in parallel. (3) Simulating early the resource consumption to help companies to 
migrate their business process to the cloud computing for using more resources. (4) This new model is based on an 
extension of petri net and a workflow model for the description of distributed systems and resource consumption in 
business process. 
Nowadays, scientists are working on different areas of business process (constructing, modeling, management, 
discovery, composition, decomposition, decentralization and optimization of business process). Moreover, there are 
a significant number of scientists which work on decomposition and decentralization of business process, but we are 
unaware of approaches involving formal models in business process decomposition based on resource consumption. 
For instance, authors Fdhila and al 2, have proposed a process decentralization technique that creates multiple sub-
processes that interact with each other and thus, implements the dependencies of the centralized specification with 
P2P inter-actions.  Baresi et al 1, have introduced the idea of distributed orchestrations and presents a proposal to 
couple BPEL and distributed execution in mobile settings. They have proposed to transforms a centralized BPEL 
process into a set of coordinated processes. An explicit meta-model and graph transformation supply the formal 
grounding to obtain a set of related processes, and to add the communication infrastructure among the newly created 
processes.  Khalaf and Leymann have 4, proposed a decomposition of a business process model (based on a subset 
of WS-BPEL, using explicit data links. A mechanism is presented for partitioning a business process so that each 
partition can be enacted by a different participant. An important goal is to disconnect the partitioning itself from the 
design of the business process, simplifying the reassignment of activities to different entities. Khalaf and al 5, have 
proposed to enable splitting standard BPEL - without any extensions or new middleware. They have presented a 
solution that uses a BPEL process, partition information, and results of data analysis to produce a BPEL process for 
each participant. The collective behavior of these participant processes recreates the control and data flow of the 
non-split process.  In van der Aalst 13, has proposed Petri Net-based approach to analyze business process 
interaction, so called interorganizational processes and They have used message sequence charts to specify the 
interaction between organizations. This work concentrates on the consistency of the interactions between these 
processes, in order to avoid deadlocks situation, so this approach is not directly applicable to our case.  Tan and Fan 
10, have proposed dynamic workflow model fragmentation algorithm. Based on the well-known Petri net formalism, 
this algorithm partitioned the centralized process model into fragments step by step while the process is executed. 
The fragments created can migrate to proper servers, where tasks are performed and new fragments are created and 
forwarded to other servers to be executed in succession. Sun and al 11, have proposed to apply process mining 
techniques in the fragmentation of a workflow for distributed execution. they start the fragmentation by examining a 
workflow model that records the real executions through process mining. 
In our previous work 6,7, the solution proposed can be considerate as an enterprise solution to construct a business 
process using some competence and knowledge management aspects. Furthermore, the solution is based on cloud 
computing and agents to discover similar services and classify services according to their similarity degrees and 
their quality of services, but we have not taken into consideration the resource consumption in business process 
construction. For more details, refer to these papers 6,7. 
Table 2. Adopted approach by the different related works. 
Work Decomposi
ng BP 
Decompositi
on based on 
resources 
consumption 
Simulation 
before 
decomposition 
Avoid 
deadlock 
situation 
Using 
Formal 
methods 
Adopted approach 
(Fdhila and al) Yes No No No Yes Dependencies tables. 
(Baresi et al) Yes No No No No A meta model. 
(Khalaf and 
Leymann) and 
(Khalaf and al) 
Yes No No No Yes WS-BPEL process based on dead phat 
elimination. 
(Van der Aalst) No No No Yes Yes Petri net  
(Tan and Fan) Yes No No No Yes Petri net. 
(Sun and al) Yes No No No Yes Process mining technique. 
(Our work) Yes Yes Yes Yes Yes BPRN model (the proposed model). 
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The Table 2 summarized the aforementioned works and describes their differences. In fact, none of these mentioned 
works have taken into consideration the consumption of resources for decomposing and migrating the business 
process in cloud computing, which may use more resources to avoid the deadlock situation. 
5. Conclusion 
Business Process Resource Net (BPRN) has been adopted for modelling the resource consumption of each business 
process service. BPRN seem adequate for two reasons. Firstly, the model emphasizes on both locality and 
connectivity that can be used to specify the location and interconnection of business process services. Secondly, a 
BPRN model provides to companies the ability to reconfigure their business process based on services consumption. 
In additional, it’s very useful to formalize a business process with BPRN, in order to detect deadlock situation and to 
migrate the business process to the cloud computing. 
The defined model allows companies to correctly reason about most business process consumption features, 
reconfiguration and migration of business process to the cloud computing. In order to avoid problems of extreme 
load situations and to avoid a costly investment in additional servers, because the cloud computing gives the 
possibility of using computing resources in a pay-per-use manner. 
In this paper, we have proposed a formal model called BPRN model to specify service consumption of business 
process, detect user numbers that causing the deadlock situation and the number of business process that can be 
executed in parallel. In order to help companies to transfer or migrate their business process to the cloud computing 
for using more resources. 
As future work, we intend to evaluate our BPRN model with others complimenting model, add other details and 
extend the BPRN model to treat security issues in companies using cloud computing for the business process 
construction and migration. 
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